The aim of the study was to carry out a genetic analysis of Lithuanian White-Backed (LWB) and old genotype Lithuanian Blackand-White (LBW) cattle within breeds, and to make pairwise comparisons. The blood samples were taken from 164 LWB and 89 old genotype LBW cows. The EAB and EAC blood type systems were analysed, the allele frequency was calculated, and the degree of homogeneity Ca% and genetic distance r between the breeds were measured. In the EAB system, out of 36 studied alleles, 25 were identified in the population of LWB cattle and 21 in the old genotype LBW cattle. In the EAC blood type system, out of 25 studied alleles, 19 were identified in the population of Lithuanian White-Backed cattle and 20 in the old genotype Lithuanian Black-and-White cattle. The research showed that in the EAB system 5 alleles that were found in previous data of LWB cattle are more characteristic of the present population of LWB cattle. I 2 allele was most characteristic of the old genotype LBW cattle, whereas G 2 Y 2 E' 2 Q' allele was most characteristic of LWB cattle. In the EAC genetic system only four alleles, R 2 (C 2 ''), WR 2 , WX 2 , X 2 (C 2 ''), with a high frequency were found in the population of LWB cattle. C 2 ER 2 , C 2 X 2 , C 2 EC, WE, R 2 C' alleles were discovered in the population of old genotype LBW cattle. In the EAB system the degree of homogeneity of LBW was two times higher than that of LWB cattle. The genetic similarity between LWB and old genotype LBW cattle was r = 0.60.
INTRODUCTION
Cattle blood types were discovered almost at the same time as those of humans. In the last sixty or seventy years, blood types have been intensively studied by numerous scientists, namely, by Royal (1952) , Humble (1957) , Stortmont (1962) , Bouw (1964 Bouw ( , 1977 , Miller (1966) , Tucher (1986), Honberg, Larsen (1992), Bitzmann (2009) .
Lithuanian scientists have also contributed to the studies of blood groups, namely, Vagonis, Meškauskas (1975) , Kuosa, Tušas, Boveinienė (1999) , Tušas (2001) , Šveistienė, Jatkauskienė (2008) and others. In 2003, Paulauskas indicated that quantitative genetic variability characteristics and research methods should meet the following requirements: phenotypic variation found in a separate allelic locus should be determined in different individuals; allelic changes in one locus should be distinguished from the changes of alleles in another locus; most allelic changes in a separate locus should be discerned; the studied loci should reflect the gene sample by the physiological expression and variability. Only part of allelic changes results in morphological changes (Paulauskas et al., 2003) .
Farm animal blood erythrocytes contain numerous antigenic factors that make up bloods groups which are hereditary and do not change throughout the whole life of the animal (Vagonis, 1975; Boveinienė et al., 1990; Gaidžiūnienė et al., 2007) . Cattle have eleven different blood type systems. Every system has a different number of blood group factors (Stormont, 1962; Bitzmann, 2009; Miller, 1966; Penedo, 2000) . Therefore, a blood typing method was widely applied for a cattle parentage analysis. This method is the basis for making up the gene pool of animals, for determining the relationship between different alleles and animal productivity, between blood groups and animal reproduction traits and healthiness (Gaidžiūnienė et al., 2007; Vagonis, 1975) . In Lithuania, the parentage of native cattle breeds, which are subsequently entered in herd-books, are tested by immunogenetic methods with all inherited diseases recorded as well. Immunogenetic methods are used for the parentage control of all breeding bulls, bull dams and 5% of heifers born (Directive by the Ministry of Agriculture of the Republic of Lithuania on "Stud Book Regulations" No. 220 of June 29, 2001; preamble changes No. 3D-1025 3D- , 2009 3D- , 2010 3D- , No. 1-39, 2010 .
Native cattle with a white longitudinal dorsal stripe and black or brown pigment sides is an indigenous breed currently mostly found in the south eastern regions of Lithuania and called Lithuanian White-Backed cattle. Cattle similar to Lithuanian White-Backed cattle can also be found in north-eastern regions of Poland, Scandinavian countries and some regions of Russia (Litwincziuk, 2002; Šveistienė et al., 2008) . More data on the old genotype of Lithuanian Black-and-White cattle are found in the sources from 20th century. These are described as animals of solid build that originated from various native and imported cattle and account-ed for about 8% on peasant farms in 1912-1913 (Kuosa, 1980) . In 2006, the genetic analysis of Lithuanian White-Backed, Lithuanian Ash-Grey, Lithuanian Black-and-White and Lithuanian Red cattle indicated that the highest and lowest frequency of allele by PRL gene was detected in Lithuanian White-Backed and Lithuanian Red cattle breeds, respectively. There PRL genotypes AA, AB and BB were identified in the analysed breeds (Miceikienė et al., 2006) . In 1994-1998, blood groups of Lithuanian Red, Lithuanian Black-and-White and Lithuanian Ash-Grey cattle were analysed by prof. J. Kuosa and S. Tušas. The study revealed differences between the breeds in the EAB system. Seven and ten different alleles were detected in LBW and LWB cattle populations, respectively. In the EAC blood group system 7 different alleles were found, and allele C2R2WC was found only in several LWB cattle (Kuosa et al., 1999) .
Cattle in Lithuania originated from Bos taurus (Piličiauskienė, 2008) . Bos taurus blood peculiarities were thoroughly analysed by Bitzmann who found that blood multi-structural, immunochemical and glucohistochemical qualities are same in both adult and young animals, between male and female cattle (Bos taurus). Immunocytochemical blood analysis indicated that antibody CD28 was more distinguished in Bos taurus (Bitzmann, 2009) .
From 2001 to 2012, the number of LWB cattle changed due to breed restoration with the aim to make the breed more pure (Šveistienė, 2011) . The genetic changes in the populations under restoration and most typical alleles of every breed can be determined by comparing research data from several years and blood group antigen frequencies.
The purpose of the study was to carry out the genetic analysis within Lithuanian White-Backed and old genotype Lithuanian Blackand-White breeds and make within-breed comparisons. The progeny parentage is ascertained by using the sire parentage and blood group data accumulated in the laboratory data bank from all breeding enterprises. It was also possible to determine the changes in the population of LWB cattle by comparing the data of the present restored population with the data recorded 10 years ago.
MATERIALS AND METHODS
Blood typing studies were carried out by using blood samples collected during expeditions organized by the Coordinating Centre for the Conservation of Animal Genetic Resources. The blood from 89 old genotype Lithuanian Black-and-White cattle was taken in 2011-2012, the blood from 164 White-Backed cattle in 2001-2012 and compared with population data of Lithuanian White-Backed cattle, published by Kuosa, Tušas (1999) . The results, which were received after the comparison of the population data of LWB cattle (years 1991-1998 and years 2001-2012), revealed the change in the genetic diversity, based on blood types. The blood samples from every individual animal were taken using a separate needle. The ratio of the preserving solution and blood was 1 to 4. The blood from v. jungularis was collected into sterile test-tubes with a preserving solution (Na citrate -3.8% EDTA IK31).
The blood from White-Backed and old genotype Lithuanian Black-and-White cattle was analysed by the blood group method when erythrocyte antigenic factors are determined using a hemolysis reaction. Blood samples were used to prepare 2.5% erythrocyte suspension, 20 µl of specific reagent testserum and 10 µl of erythrocyte suspension were poured into the hollows of serological plates. After 15 min storage, complement was poured and incubated in a thermostat at 28-30 °C. Hemolysis reaction is tested twice on a 0-4 point scale after 2 and 4 hours following complement pouring. Cattle blood typing was carried out at the Institute of Animal Science of the Lithuanian Health Sciences University. Forty eight reagents -testserums (National Research Institute of Animal Production, Poland) in compliance with the requirements of International Society for Animal Genetics (ISAG) were used for cattle blood typing. The data were analysed by genetically most informative EAB and EAC genetic sys-tems (EA -erythrocyte antigen system). The allelic frequency q was calculated by the formula q = n/2n, where q is allelic frequency, n is the number of animals with the mentioned allele (Zhyvotovskii, Mashurov, 1974; Matoushek, 1967) .
The significance of the differences between allele frequencies was calculated using χ 2 (Vagonis, 1975; Zhyvotovskii, Mashurov, 1974; Мatoushek, 1967) . The homogeneity degree Ca% and genetic distance r were calculated by Vagonis (1975) , Zhyvotovskii, Mashurov (1974), Matoushek (1967) .
RESULTS AND DISCUSSION
The EAB system allelic frequencies of Lithuanian White-Backed and old genotype Black-and-White cattle are presented in Table 1 .
The studied group of LWB cattle had by three alleles more in the EAB system than the animals ten years ago. The EAB system allelic analysis indicated that LWB cattle population had the same 14 alleles detected in earlier studies and 10 new alleles not detected earlier. Ten years ago, White-Backed cattle population had 22 alleles in the EAB system, whereas the current population numbered 25 alleles. In the EAB system, 21 alleles were identified in the old genotype Black-and-White cattle population. There are more than 50 alleles in the EAB system (Vagonis, 1975; Viinalass, 1999 Viinalass, , 2000 Viinalass, , 2002 . All studies indicated lower number of alleles. According to the data from the years 1994-1998, in the EAB system I 2 (0.1488), B 2 Y 2 A' 2 G'P'Q'G'' (0.0655), G 2 Y 2 E' 2 Q' (0.0833) alleles were found as typical of the LWB cattle. This is in agreement with the studies of White-Backed cattle by Tušas (2001) and Šveistienė et al. (2008) .
From 1994 to 1998, the blood groups of Lithuanian White-Backed and Ash-Grey cattle were genetically analysed by Kuosa et al. (1999) and Tušas (2001) . The immunogenetic characteristics of these cattle indicated that some of the alleles in the EAB system were typical of only native cattle and not found in Lithuanian Black-and-White and Lithuanian 
0.0060 0.0061**** 0.0506****
0.0595 0.0274** 0.0730** I 2 0.1488 0.0701 0.1854 I' 0.0298 0.0244 0.0056 Significant differences between Lithuanian White-Backed and old genotype Black-and-White cattle breeds were determined after a statistical analysis of the blood groups. The analysis indicated that EAB system alleles G 2 I 2 (Q') and G 2 E' 2 Q'were more frequent in the old genotype LBW cattle than in LWB cattle (P ≥ 0.001). Our study showed that alleles B 2 Y 2 A' 2 G'P'Q'G'' and Q' were most predominant in LWB cattle and corresponded to the LWB cattle characteristics determined by Tušas (2001) in 1994-1998. Moreover, significant differences between White-Backed and Lithuanian Blackand-White cattle were found for the alleles
The studies of the degree of homogeneity indicated a significant difference in the variables of White-Backed (7.97) and old genotype Black-and-White (16.34) cattle in the EAB system. Ten years ago, the homozygosis of White-Backed cattle was two degrees lower. The comparison of LWB and old genotype LBW cattle populations indicated that the degree of homogenity was twice (16.34%) higher in LBW than in LWB cattle. On the average 23 alleles or 50% lower number than indicated by Vagonis (1975) and Viinalass et al. (2002) were identified in the studied populations. By the degree of homogenity, Black-and-White cattle are closer to each other, while White-Backed cattle are less homozygous.
EAC genetic system alleles C 2 ER 2 , WE, X 2 R 2 found during earlier studies in White-Backed cattle were no longer detected in the current population. Alleles C 2 X 2 , R 2 C (q = 0.0955, 0.0112) were identified in the population of old genotype Black-and-White cattle ( Table 2 ).
In 164 currently tested Lithuanian White-Backed cattle, 19 alleles in the EAC system were identified ten years ago. The LWB cattle population gained C'C'' 2 , C 2 C' , C 2 WEX 2 , C 2 WR 2 , ER 2 alleles (frequency from 0.0152 to 0.0884). In the EAC system, the old genotype LBW population numbers 20 alleles 15 of which are also found in the LWB population. Alleles R 2 (C 2 ''), WR 2 , WX 2 could be ascribed as typical of the White-Backed population due to their comparatively high frequency (0.1128-0.1524).
The frequency of allele C 2 R 2 WC' (0.0730) in the population of the old genotype LBW cattle was significantly higher (P ≤ 0.001) than that of LWB cattle. In the Black-and-White cattle population, the frequencies of alleles C 2 EX 2 (P ≤ 0.01) and C 2 WX 2 (P ≤ 0.05) were higher and those of alleles C 2 WE (P ≤ 0.05), C 2 WEX 2 (P ≤ 0.05), WR 2 (P ≤ 0.025), WX 2 (P ≤ 0.001), X 2 (P ≤ 0.05) were significantly lower as indicated in Table 2 . However, the significance of these changes was low.
The degree of homogeneity in the EAC system was 9.36 for the Lithuanian White-Backed and 9.29 for the old genotype Black-and-White cattle populations. Ten years ago the homozygosis of LWB cattle (10.41) was close to the current LWB cattle population (9.36). Currently, the population of LWB cattle has only by one allele lower number of alleles in the EAC system than the population of the old genotype LBW cattle. The average degree of homogeneity in both populations Ca was 9.33. * P ≤ 0.05; ** P ≤ 0.025; *** P ≤ 0.01; **** P ≤ 0.001; ***** P ≥ 0.001
The comparison of White-Backed cattle with the old genotype Black-and-White cattle indicated the genetic similarity r = 0.60.
CONCLUSIONS
The results, which were received after the comparison of the population data of Lithuanian White-Backed cattle (years 1991-1998 and years 2001-2012), revealed the change in the genetic diversity based on blood types. The genetic diversity in the EAB system decreased by 7 and increased by 10 alleles, in the EAC system it decreased by 3 and increased by 4 alleles. These changes in the population might have been influenced by the reconstruction within the population. In the EAB system, out of 36 studied alleles, 25 were identified in the population of LWB cattle and 21 in the old genotype LBW cattle. In the EAC blood type system, out of 25 studied alleles, 19 were identified in the population of White-Backed cattle and 20 in the old genotype Black-and-White cattle.
The research showed that in the EAB system B 2 G 2 Y 2 A' 2 O' , B 2 Y 2 A' 2 G'P'Q'G'' , I 2 E' 2 QQ' , G'G'' , P 2 I' alleles, that were found in the 1994-1998 population of White-Backed cattle, are more characteristic of the present population of White-Backed cattle. In the population of the old genotype Black-and-White cattle, the predominance of B 2 Y 2 O 2 , B 2 Y 2 P'G' , I 2 QI'Q' , O 2 G'G''Q' alleles could be detected. I 2 allele was the most characteristic of the old genotype Black-and-White cattle (q = 0.1854), whereas G 2 Y 2 E' 2 Q' allele was characteristic of White-Backed cattle (q = 0.1341).
In the EAC genetic system only four R 2 (C 2 ''), WR 2 , WX 2 , X 2 (C 2 '') alleles with high frequency (0.1128-0.1845) were found in the population of LWB cattle. C 2 ER 2 (0.0056), C 2 X 2 (0.0955), C 2 EC (0.0056), WE (0.0169), R 2 C' (0.0112) alleles were discovered in the population of old genotype LBW cattle.
In the EAB system the degree of homogeneity of Black-and-White was two times higher (16.34 ) than that of White-Backed cattle (7.97) .
The genetic similarity between White-Backed and old genotype Black-and-White was r = 0.60.
